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57 ABSTRACT 

There is provided a laminated aperture antenna in which a 
conductor wall composing the antenna is composed of a 
plurality of through conductors disposed at predetermined 
intervals and a plurality of Sub-conductor layerS disposed 
between dielectric layers of a dielectric Substrate So as to 
electrically connect the plurality of through conductors 
within the dielectric Substrate formed by laminating dielec 
tric layers, or in which a resonant Space is formed by a Space 
of the dielectric Surrounded by the conductor wall compos 
ing the antenna formed as described above, a lower con 
ductor layer electrically connected to that and an aperture of 
the upper conductor layer corresponding to the antenna 
conductor wall. There is also provided a multi-layered 
wiring board comprising Such laminated aperture antenna. 
Such laminated aperture antenna may be miniaturized and 
thinned and may be readily fabricated by the conventional 
lamination technology. 

26 Claims, 24 Drawing Sheets 

  



U.S. Patent May 16, 2000 Sheet 1 of 24 6,064,350 

  



U.S. Patent May 16, 2000 Sheet 2 of 24 6,064,350 

  



U.S. Patent May 16, 2000 Sheet 3 of 24 6,064,350 

  



U.S. Patent May 16, 2000 Sheet 4 of 24 6,064,350 

-l3 D 

- N7 - HZE S 

  

  

  

  

    

  



U.S. Patent May 16, 2000 Sheet 5 of 24 6,064,350 

  



6,064,350 Sheet 6 of 24 May 16, 2000 U.S. Patent 

  







U.S. Patent May 16, 2000 Sheet 9 of 24 6,064,350 

6%632-k 3 Ž2% 

  

  



6,064,350 Sheet 10 of 24 May 16, 2000 U.S. Patent 

  



6,064,350 Sheet 11 of 24 May 16, 2000 U.S. Patent 

  



U.S. Patent May 16, 2000 Sheet 12 of 24 6,064,350 

FIG. I2 

  



6,064,350 Sheet 13 of 24 May 16, 2000 U.S. Patent 

  



6,064,350 Sheet 14 of 24 May 16, 2000 U.S. Patent 

20 

G2 23 

  



U.S. Patent May 16, 2000 Sheet 15 of 24 6,064,350 

  



U.S. Patent May 16, 2000 Sheet 16 of 24 6,064,350 

  



U.S. Patent May 16, 2000 Sheet 17 of 24 6,064,350 

  





U.S. Patent May 16, 2000 Sheet 19 of 24 6,064,350 

O4. 

  



U.S. Patent May 16, 2000 Sheet 20 of 24 6,064,350 

FIG. 27 
  



U.S. Patent May 16, 2000 Sheet 21 of 24 6,064,350 

FIG.22 
  



U.S. Patent May 16, 2000 Sheet 22 of 24 6,064,350 

27O 

  



U.S. Patent May 16, 2000 Sheet 23 of 24 6,064,350 

7 O 74 78 82 86 9 O 

FREQUENCY (GHz) 

  



U.S. Patent May 16, 2000 Sheet 24 of 24 6,064,350 

FIG. 26 
O Frt 

Man" Eitill 
. It 

IT II 
5 O 6 O 7 O 8 O 9 O 1 O 0 1 1 0 

Fre que n c y C G H z) 

    
  

  



6,064,350 
1 

LAMINATED APERTURE-FACEDANTENNA 
AND MULTI-LAYERED WIRING BOARD 

COMPRISING THE SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates primarily to a laminated 

aperture antenna Suitable to communications using high 
frequency waves Such as microwave and millimeter wave 
and to a multi-layered wiring board comprising Such a 
laminated aperture antenna. 

2. Description of the Related Art 
Studies on mobile communications, inter-vehicular radars 

or the like using high-frequency waves Such as microwave 
and millimeter wave are actively conducted lately in the 
technological field of telecommunication. Normally, input/ 
output of high-frequency Signals between equipments in 
Such communication is conducted by means of antenna in 
the end. While various antennas for the use of high 
frequency waves have been examined Since the past, a 
Slotted waveguide antenna, a microStrip antenna, an aperture 
antenna and the like have been known as typical ones. 

Further, while these high-frequency antennas are used by 
being connected with a high-frequency electrical circuit, a 
waveguide is used for the aperture antenna and the Slotted 
waveguide antenna and a triplate line is used mainly for the 
microStrip antenna as a feed line connecting the electrical 
circuit and the antenna. 
A planar array antenna in which a plurality of radiating 

elements formed of a hole whose inner face is metallized are 
disposed and are connected each other by a waveguide 
having a hollow Section has been also proposed in Japanese 
Unexamined Patent Publication JP-A-62-222702. 

It is also desired, recently, to integrate the antenna with a 
package in which a high-frequency circuit and high 
frequency elements are Stored from the aspect of miniatur 
izing the communication System equipment including the 
high-frequency antenna. 

The antenna itself must be light, thin and small in order 
to use the high-frequency antenna as described above for the 
mobile communications, the collision avoidance radars and 
the like. 
Among the high-frequency antennas described above, 

while the Slotted waveguide antenna has advantages that it 
is highly efficient and that it can be formed thin, it also has 
disadvantages that it cannot be applied to a wide band, that 
it is heavy because it is fabricated by working a metal sheet 
and that it is costly. In contrary to that, while the microStrip 
antenna has advantages that it is light and can be formed thin 
because it is fabricated by adhering a metallic film on a 
dielectric sheet and that it is leSS costly because it can be 
fabricated readily, it has disadvantages that its efficiency is 
low and that it cannot be used in a wide band. 

Meanwhile, the aperture antenna, e.g. a horn antenna, has 
advantages that it can be applied to a wide band and that its 
performance is very excellent in terms of the antenna 
characteristics, it has disadvantages that its size is large, that 
it is difficult to mount on a communication terminal and that 
it is difficult to lighten because it is fabricated by working 
three-dimensionally by using metallic members. 

While the planar array antenna as disclosed in JP-A-62 
222702 has advantages that it is light because it uses plastics 
as a base member thereof and it can be applied to a wide 
band, it has disadvantages that its feed Section is thick and 
that it is difficult to miniaturize and thin it because the 
waveguide is used for the feed line. 
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When the high-frequency wave to be applied falls in the 

domain of millimeter wave, the characteristic of the whole 
antenna System becomes important in case when either one 
of the above-mentioned high-frequency antenna is used. 
That is, because the whole System is constructed by con 
necting the high-frequency antenna, the feed line, the high 
frequency circuit and others in the end, the whole antenna 
System is influenced also by the characteristic, size, cost and 
others of the part connecting them no matter how their 
individual characteristic is excellent. For example, when the 
connecting part thereof is constructed by waveguides, the 
antenna System may be constructed almost without impair 
ing the performance of the high-frequency antenna, the feed 
line, the high-frequency circuit and the like. However, there 
arise problems when they are connected by the waveguide 
that its structure is liable to be three-dimensional and that it 
drops the reliability and increases the cost because they are 
connected mechanically by Screws and the like. 
While the planar array antenna disclosed in JP-A-62 

222702 excels as an antenna itself in this aspect because the 
antenna Section is molded in a body with the feed line, it has 
had problems that its connectivity with other components 
Such as the high-frequency circuit is bad and that it is 
difficult to form them in a body. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a laminated aperture antenna which is applicable to 
a wide band, which can be miniaturized and which can be 
readily fabricated by the conventional lamination technol 
Ogy. 

It is another object of the invention to provide a multi 
layered wiring board which allows a high-frequency circuit 
to be formed and in which a feed line and the antenna are 
formed in a body. 
The inventor has found, and devised the present 

invention, as a result of examination conducted on the 
above-mentioned problems, that a thin laminated aperture 
antenna may be readily fabricated and a feed line and a 
high-frequency circuit may be readily integrated by the 
conventional lamination technology by forming part or 
whole of a conductor wall composing an antenna by a 
plurality of through conductors disposed at predetermined 
intervals and a plurality of Sub-conductor layerS disposed 
between dielectric layers of a dielectric Substrate So as to 
electrically connect the plurality of through conductors 
within the dielectric Substrate formed by laminating dielec 
tric layers, or by creating a quarter wavelength resonant 
Space of one-side shorted and one-side opened by a Space of 
the dielectric Surrounded by a lower conductor layer elec 
trically connected to them and an aperture of the upper 
conductor layers corresponding to the antenna conductor 
wall. 

The invention provides a laminated aperture antenna 
comprising a main conductor layer formed by adhering on 
the Surface of a dielectric Substrate formed by laminating a 
plurality of dielectric layerS and having an aperture of a 
predetermined size; an antenna conductor wall composed of 
a. plurality of groups of through conductors formed in the 
laminating direction around the aperture of the main con 
ductor layer at predetermined intervals and a plurality of 
Sub-conductor layers formed between the dielectric layerS So 
as to electrically connect the plurality of groups of through 
conductors, and a feed line for feeding electricity. 

Since the antenna conductor wall of the above-mentioned 
laminated aperture antenna according to the invention is 
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formed by combining the through conductors formed based 
on the lamination technology with the Sub-conductor layers 
disposed between the dielectric layers, the aperture antenna 
which is applicable to the wide band may be readily fabri 
cated at low cost. That is, because it allows the antenna to 
be utilized within the designed frequency even if the size of 
the antenna thus fabricated deviates more or less, it can be 
designed readily and the precision of fabrication is relaxed, 
allowing the antenna to be fabricated at low cost as a result. 
The laminated aperture antenna of the invention is char 

acterized in that the feed lines are formed to the aperture 
from two directions which croSS at right angles each other 
and a phase difference of electromagnetic waves fed from 
the respective feed lines is set at 90. 

According to the invention, circularly polarized wave 
may be generated by feeding electricity by connecting the 
feed lines to the aperture from the two directions crossing at 
right angles each other and by Shifting the phase of electro 
magnetic waves fed from the respective feed lines by 90. 

In addition to the above-mentioned Structure, the lami 
nated aperture antenna of the invention is characterized in 
that at least part of the antenna conductor wall is formed So 
as to gradually expand toward the Outer space, that a 
concave portion is formed within the aperture, that the 
concave portion is formed So as to gradually expand toward 
the Outer Space, that the plurality of through conductors are 
arrayed at intervals of a half of Signal wavelength or less, 
that the feed line is composed of a laminated waveguide 
comprising a pair of feeding main conductor layers and 
feeding through conductors which are arrayed in two rows 
in the transmission direction at intervals of a half or less of 
wavelength of transmitted Signal So as to electrically connect 
between the main conductor layers, that part of the main 
conductor layer forms a conductor wall of a hollow 
waveguide antenna, and that a plurality of antennas are 
disposed in array. 

According to the invention, because the above-mentioned 
antenna may be formed by the conventional lamination 
technology, it allows the antenna to be integrated in the 
conventional multi-layered wiring board and the feed line to 
the antenna and the high-frequency circuit to be formed in 
the same time. Further, because the energy loSS in the feed 
line may be Suppressed low and the dielectric waveguide 
may be miniaturized as compared to the conventional 
waveguide in the same time by forming the feed line by a 
pair of main conductor layers and through conductors 
arrayed in two rows in the transmission direction at intervals 
of a half or less of a wavelength of transmission signal So as 
to electrically connect between the main conductor layers, 
the substrate itself may be thinned and miniaturized. 

Further, a laminated aperture antenna of the invention is 
characterized in that a spatial resonator is formed by a Space 
Surrounded by an upper main conductor layer formed by 
adhering on the upper Surface of a dielectric Substrate 
formed by laminating a plurality of dielectric layers and 
having an aperture of a predetermined size; an antenna 
conductor wall composed of a plurality of through conduc 
tors formed in the laminating direction of the dielectric 
layers around the aperture of the upper main conductor layer 
at predetermined intervals in the dielectric Substrate and a 
plurality of sub-conductor layers formed between the dielec 
tric layerS So as to electrically connect the plurality of 
through conductors, and a lower main conductor layer which 
is adhered and formed under the antenna conductor wall of 
the dielectric Substrate at the position facing to the aperture 
and which is electrically connected with the antenna con 
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4 
ductor wall. The Space turns out to be a quarter wavelength 
Spatial resonator whose one face is shorted and the other one 
face is opened. 

Since the antenna conductor wall of the laminated aper 
ture antenna according to the invention is formed by com 
bining the through conductors which are formed in the 
dielectric Substrate formed by laminating dielectric layers 
based on the lamination technology for a multi-layered 
wiring board with the Sub-conductor layers disposed 
between the dielectric layers, the aperture antenna may be 
readily fabricated at low cost. Further, because the Space 
Surrounded by the antenna conductor wall, the aperture of 
the upper main conductor layer corresponding to that wall 
and the lower main conductor layer is Set as the quarter 
wavelength resonant space (spatial resonator) whose one 
face is shorted and the other one face is opened to radiate 
electromagnetic wave from the aperture, the radiation fre 
quency may be controlled by changing the Size of the 
aperture and the thickness of the Spatial resonator, i.e. the 
thickness of the dielectric Substrate. It gives freedoms in the 
design. For instance, the thickness of the Space forming the 
aperture antenna may be thinned by enlarging the aperture, 
So that a number of laminated dielectric layerS may be 
reduced and the antenna may be fabricated at low cost as a 
result. 

Further, Since the laminated aperture antenna of the 
invention may be formed by the conventional lamination 
technology, it allows the antenna to be integrated in the 
conventional multi-layered wiring board and the feed line to 
the antenna and the high-frequency circuit to be formed in 
the same time. 

The laminated aperture antenna of the invention is also 
characterized in that in the structure described above, the 
aperture is rectangular and the Space is rectangular paral 
lelopiped or the aperture is circular and the Space is colum 
a. 

The laminated aperture antenna according to the invention 
can accommodate with Specifications of various antenna 
characteristics by forming the aperture into the rectangular 
shape and the Spatial resonator into the rectangular paral 
lelopiped shape or by forming the aperture into the circular 
shape and the Spatial resonator into the columnar shape. 
The laminated aperture antenna of the invention is char 

acterized in that in addition to the above-mentioned 
Structure, a feeding slot is formed at a region of the lower 
main conductor layer facing to the Space and that a feed line 
formed of a microStrip line or a coplanar line is connected 
to the Side face of the Spatial resonator. 

In the laminated aperture antenna according to the 
invention, it becomes possible to feed electricity by various 
types of high-frequency lines and to regulate an output by 
changing the size of the slot by creating the feeding Slot at 
the region of the lower main conductor layer facing to the 
spatial resonator. When the feed line formed of a microstrip 
line or a coplanar line is connected to the Side face of the 
Spatial resonator, it becomes unnecessary to provide the feed 
circuit layer Separately, allowing to thin the antenna as a 
whole. 
The laminated aperture antenna of the invention is also 

characterized in that in addition to the above-mentioned 
Structure, the slots or the feed lines are fed to the aperture 
from two directions crossing at right angles each other and 
a phase difference of electromagnetic waves fed from the 
slots or the feed lines is set at 90. 

According to the invention, circularly polarized wave 
may be generated because the slots or the feed lines are 
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formed to the aperture from the two directions crossing at 
right angles each other and the phase difference of electro 
magnetic waves fed from the slots or the feed lines is Set at 
90°. 
The laminated aperture antenna of the invention is also 

characterized in that in addition to the above-mentioned 
Structure, the aperture is rectangular or elliptic and the feed 
line is formed to the aperture from the direction of 45 with 
respect to a Side of the rectangle or to an axis of the ellipse. 

According to the invention, circularly polarized wave 
may be generated by feeding electricity through one feed 
line by regulating the length of two adjacent Sides of the 
rectangle or the length of the major and minor axes of the 
ellipse because the aperture is rectangular or elliptic and the 
feed line is formed to the aperture from the direction of 45 
with respect to a side of the rectangle or to an axis of the 
ellipse. 

The laminated aperture antenna of the invention is char 
acterized further in that in addition to the above-mentioned 
Structure, a plurality of the Spatial resonators are disposed in 
array. 

According to the invention, a wide band and high gain 
planar array antenna accommodating various Specifications 
Such as Straightly polarized wave and circularly polarized 
wave may be provided by disposing the plurality of the 
Spatial resonators in array. 
An multi-layered wiring board of the invention comprises 

the laminated aperture antenna comprising the main con 
ductor layer formed on the Surface of a dielectric Substrate 
formed by laminating a plurality of dielectric layers and 
having the aperture of the predetermined size; the conductor 
wall composed of the plurality of groups of through con 
ductors formed in the laminating direction around the aper 
ture of the main conductor layer at predetermined intervals 
and the plurality of sub-conductor layers formed between 
the dielectric layerS So as to electrically connect the plurality 
of groups of through conductors, and the feed line for 
feeding electricity; and a high-frequency circuit connected 
with the feed line. It is also characterized in that a cavity 
Section or a Semiconductor element mounting Section for 
Storing a Semiconductor element and for hermetically Seal 
ing it is formed in part of the dielectric Substrate. 

According to the invention, the antenna may be readily 
connected with the high-frequency circuit and the energy 
loSS at the connecting Section may be reduced by forming the 
high-frequency circuit in part of the multi-layered wiring 
board or by creating the cavity in part of the Substrate to 
Store the high-frequency Semiconductor element therein. 
Still more, because the antenna, the feed line, the high 
frequency circuit and the high-frequency element may be 
constructed in a body, the whole System may be miniatur 
ized. Further, because the multi-layered wiring board can be 
fabricated through a Series of processes of the conventional 
lamination technology, the highly reliable multi-layered 
wiring board can be fabricated at low cost. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other and further objects, features, and advantages of the 
invention will be more explicit from the following detailed 
description taken with reference to the drawings wherein: 

FIG. 1A is a plan view showing a first embodiment of a 
laminated aperture antenna of the present invention and FIG. 
1B is a section view thereof along a line X-X in FIG. 1A; 

FIG. 2A is a plan view showing a second embodiment of 
the laminated aperture antenna of the invention and FIG. 2B 
is a section view thereof along a line X-X in FIG. 2A; 
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FIG. 3A is a plan view showing a third embodiment of the 

laminated aperture antenna of the invention and FIG. 3B is 
a section view thereof along a line X-X in FIG. 3A; 

FIG. 4A is a plan view showing a fourth embodiment of 
the laminated aperture antenna of the invention and FIG. 4B 
is a section view thereof along a line X-X in FIG. 4A; 

FIG. 5A is a plan view showing a fifth embodiment of the 
laminated aperture antenna of the invention and FIG. 5B is 
a section view thereof along a line X-X in FIG. 5A; 

FIG. 6A is a plan view showing a sixth embodiment of the 
laminated aperture antenna of the invention and FIG. 6B is 
a section view thereof along a line X-X in FIG. 6A, 

FIG. 7 is a plan View showing an array antenna using the 
laminated aperture antenna shown in FIG. 1; 

FIG. 8 is a plan View showing an array antenna using the 
laminated aperture antenna shown in FIG. 4; 

FIG. 9 is a plan View showing an array antenna using the 
laminated aperture antenna shown in FIG. 5; 

FIG. 10 is a section view for explaining another embodi 
ment of the Structure connecting an antenna Section A and a 
feed line K in the aperture antenna of the invention; 

FIG. 11 is a Section view for explaining a further example 
of the Structure connecting the antenna Section A and the 
feed line K in the aperture antenna of the invention; 

FIG. 12 is a diagram for explaining one example of the 
aperture antenna for generating circularly polarized wave 
according to the invention; 

FIG. 13 is a diagram for explaining another example of 
the aperture antenna for generating circularly polarized 
wave according to the invention; 

FIG. 14 is a Section view for explaining one example of 
a multi-layered wiring board comprising the aperture 
antenna of the invention; 

FIG. 15 is a section view for explaining one example of 
a multi-layered wiring board comprising the aperture 
antenna and a cavity for Storing a Semiconductor element of 
the invention; 

FIG. 16 is a partially perspective diagonal view showing 
a Seventh embodiment of the laminated aperture antenna of 
the invention; 

FIG. 17 is a partially perspective diagonal view showing 
an eighth embodiment of the laminated aperture antenna of 
the invention; 

FIG. 18 is a partially perspective diagonal view showing 
a ninth embodiment of the laminated aperture antenna of the 
invention; 

FIG. 19 is a plan view showing an array antenna using the 
laminated aperture antenna shown in FIG. 17; 

FIG. 20 is plan view for explaining one example of the 
Structure for generating circularly polarized wave in the 
laminated aperture antenna of the invention; 

FIG. 21 is plan view for explaining another example of 
the Structure for generating circularly polarized wave in the 
laminated aperture antenna of the invention; 

FIG. 22 is plan view for explaining a further example of 
the Structure for generating circularly polarized wave in the 
laminated aperture antenna of the invention; 

FIG. 23 is a section view showing another embodiment of 
the multi-layered wiring board comprising the laminated 
aperture antenna of the invention; 

FIG. 24 is a chart showing radiation patterns of the 
laminated aperture antenna of the invention; 

FIG. 25 is a chart showing a frequency characteristic of 
reflection of the laminated aperture antenna of the invention; 
and 
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FIG. 26 is a chart showing a frequency characteristic of 
reflection of the laminated aperture antenna. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

Now referring to the drawings, preferred embodiments of 
the invention are described below. 

Embodiments concerning to a laminated aperture antenna 
in which part or whole of a conductor wall composing an 
antenna comprises a plurality of through conductorS Such as 
Via-hole conductors disposed at predetermined intervals and 
a plurality of Sub-conductor layerS disposed between dielec 
tric layers of a dielectric Substrate So as to electrically 
connect between the through conductors within the dielec 
tric Substrate formed by laminating the dielectric layers and 
to a multi-layered wiring board comprising the laminated 
aperture antenna will be explained at first. 

FIG. 1A is a plan view showing a first embodiment of the 
laminated aperture antenna of the present invention and FIG. 
1B is a section view thereof along a line X-X in FIG. 1A. 
The laminated aperture antenna of the first embodiment 
comprises, as a base material, a dielectric Substrate 2 formed 
by laminating a plurality of dielectric layerS 1 having a 
predetermined thickness a. A main conductor layer 3 is then 
adhered and formed on the Surface of the dielectric Substrate 
2. An aperture 4, having a diameter b, which is a radiating 
Section of the antenna is formed through the main conductor 
layer 3. A plurality of via-hole conductors 5 are then formed 
through the dielectric Substrate 2 in the laminating direction 
thereof around the aperture 4 of the main conductor layer 3 
at predetermined intervals c. The plurality of groups of 
via-hole conductors 5 are formed through a plurality of 
ringed Sub-conductor layerS 6 having an inner diameter b 
and formed between the dielectric layers 1. The sub 
conductor layerS 6 and the plurality of groups of Via-hole 
conductors 5 are electrically connected, thus forming a 
conductor wall 7 composed of grids each having a size of 
axc. Thereby, a circular dielectric waveguide antenna Sec 
tion A composed of the conductor wall 7 composed of the 
grids each having the Size of axc is formed. 

Because it is necessary to construct the conductor wall So 
that no electromagnetic wave leaks, the interval a between 
the sub-conductor layers 6 and the interval c between the 
via-hole conductors 5 must be a half or less of the signal 
wavelength. 

The circular dielectric waveguide antenna Section A is 
connected with a feed line K for feeding electricity to the 
antenna section A. It is desirable to form the feed line K by 
a dielectric waveguide or a dielectric line So that transmis 
Sion loSS from the feed line K to the antenna Section A is 
small and so that it can be provided readily within the 
dielectric Substrate 2 formed by laminating the plurality of 
dielectric layerS 1 Similarly to the antenna Section A. 

FIGS. 1A and 1B show the case when the feed line K is 
formed by the dielectric waveguide. The dielectric 
waveguide is formed of a rectangular dielectric waveguide 
facing E-plane up comprising a pair of main conductor 
layers 8 and 9 formed for the feed line in the signal 
transmitting direction, a group of Via-hole conductorS 10 
formed for the feed line between the main conductor layers 
8 and 9 in the laminating direction of the dielectric layers 1 
at predetermined intervals d and a plurality of groups of 
sub-conductor layers 11 formed for the feed line between the 
dielectric layerS 1 So as to electrically connect the Via-hole 
conductors 10. 

Then, the feed line K formed of the rectangular dielectric 
waveguide is connected to the antenna Section A formed of 
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8 
the dielectric waveguide formed in the laminating direction 
of the dielectric Substrate 2 from the side face thereof So that 
the dielectric within the dielectric waveguide of the feed line 
Klinks continuously with the dielectric within the dielectric 
waveguide of the antenna Section A. Thereby, the feed line 
K may be connected electromagnetically with the antenna 
Section A. At this time, the feeding main conductor layer 8 
shares its part with the sub-conductor layer 6 of the circular 
dielectric waveguide antenna Section A. 

According to the above-mentioned Structure connecting 
the antenna Section A with the feed line K, when electro 
magnetic wave propagated through the feed line K com 
posed of the dielectric waveguide is in a TE10 rectangular 
waveguide mode, it couples with a TE11 circular waveguide 
mode in the antenna Section A and is radiated from the 
aperture of the circular waveguide. 

It is possible to form only the dielectric layer positioned 
at the center of the waveguide as a dielectric layer having a 
high dielectric constant in order to reduce Signal transmis 
Sion loSS in the feed line K in the dielectric waveguide used 
as the feed line K. 

It is noted that the main conductor layer 3 formed on the 
Surface of the dielectric Substrate 2 is formed So that it acts 
ru as a flange and enhances electromagnetic wave radiated 
in the front direction. The electromagnetic wave diffracts at 
the aperture 4 and propagates also backward when the main 
conductor layer 3 is not provided. 

FIG. 2A is a plan view showing a second embodiment of 
the laminated aperture antenna of the invention and FIG.2B 
is a section view thereof along a line X-X in FIG. 2A. In 
the present embodiment, the diameter of the upper half of 
the circular dielectric waveguide antenna Section A in the 
antenna shown in FIG. 1 is widened to have a circular 
dielectric waveguide antenna Section A' having the larger 
diameter. Reflection of Signal at the aperture 4 may be 
reduced by widening the diameter of the conductor wall 7 on 
the Side of the aperture. 

FIG. 3A is a plan view showing a third embodiment of the 
laminated aperture antenna of the invention and FIG. 3B is 
a section view thereof along a line X-X in FIG. 3A. 
According to the present embodiment, the reflection of the 
Signal at the aperture 4 may be reduced further by providing 
a horn type antenna Section B by widening the diameter of 
the conductor wall 7 of the upper half of the circular 
dielectric waveguide antenna Section A Stepwise. 

FIG. 4A is a plan view showing a fourth embodiment of 
the laminated aperture antenna of the invention and FIG. 4B 
is a section view thereof along a line X-X in FIG. 4A. In 
the present embodiment, a horn antenna Section B' in which 
a concave portion 12 which expands gradually toward the 
outer Space is provided is formed instead of the horn antenna 
Section B in the third embodiment. 

At this time, it is desirable to form the concave portion 12 
So that the rate of the remaining dielectric 13 gradually 
decreases from the circular dielectric waveguide antenna 
section A of the lower half along the direction of the outer 
Space in the Section of the horn antenna Section B'. In 
concrete, the concave portion 12 is formed So that a distance 
d of the concave portion 12 to the via hole conductor 5 
composing the conductor wall 7 in each dielectric layer 
becomes Small gradually toward the outer Space. Such 
Structure allows electromagnetic wave to be propagated 
Smoothly to the outer Space from the circular dielectric 
waveguide antenna Section Avia the horn antenna Section B' 
having the concave portion 12. 

FIG. 5A is a plan view showing a fifth embodiment of the 
laminated aperture antenna of the invention and FIG. 5B is 
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a section view thereof along a line X-X in FIG. 5A. 
According to the present embodiment, the upper half of the 
circular dielectric waveguide antenna Section A shown in 
FIG. 1 is formed by a circular hollow waveguide antenna 
Section C having a diameter f So that part of the main 
conductor layer3 functions as a conductor wall 14 compos 
ing the circular hollow waveguide antenna Section C. The 
circular hollow waveguide antenna Section C is formed by 
creating a concave portion of the diameter f through the 
dielectric Substrate 2 by laminating dielectric layers each 
having a hole of the diameter fand by adhering a conductor 
on the Surface thereof other than the aperture 4 existing at 
the part connecting with the circular dielectric waveguide 
antenna Section A. There is a merit of reducing interactions 
with other antenna elements in arraying the antennas by 
providing the circular hollow waveguide antenna Section C 
on the outer Space Side of the circular dielectric waveguide 
antenna Section A as described above. It is noted that the 
diameter f of the circular hollow waveguide antenna Section 
C is Set So that a characteristic impedance becomes equal to 
that of the lower circular dielectric waveguide. 

FIG. 6A is a plan view showing a sixth embodiment of the 
laminated aperture antenna of the invention and FIG. 6B is 
a section view thereof along a line X-X in FIG. 6A. 
According to the present embodiment, the diameter f of the 
circular hollow waveguide antenna section C of the fifth 
embodiment is expanded gradually toward the Outer Space to 
create a horn type antenna Section C". It allows the reflection 
of Signal to be reduced and the characteristic impedance 
thereof to be approached to that of vacuum Stepwise. 

Next, an example of an antenna in which above 
mentioned various antennas are disposed in array will be 
explained. FIG. 7 is a plan view showing an array antenna 
in which aperture antennas 16 each comprising the circular 
dielectric waveguide antenna Section Ashown in FIG. 1 are 
disposed in array. In the array antenna in FIG. 7, a signal fed 
from a signal input section 15 provided on the feed line K 
is radiated by reaching to the Sixteen aperture antennas 16 by 
repeating three times of T branch. FIG. 8 is a plan view 
showing an array antenna in which aperture antennas 17 
each having the circular dielectric waveguide antenna Sec 
tion A and the horn antenna Section B' having the concave 
portion 12 as shown in FIG. 4 are disposed in array. 
Similarly to one shown in FIG. 7, a signal from the signal 
input Section 15 is radiated by reaching to the Sixteen 
aperture antennas 17 by repeating three times of T branch. 

FIG. 9 is a plan view showing an array antenna in which 
aperture antennas 18 each having the circular dielectric 
waveguide antenna Section A and the circular hollow 
waveguide antenna Section C shown in FIG. 5 are disposed 
in array. Similarly to one shown in FIG. 7, a signal from the 
Signal input Section 15 is radiated by reaching to the Sixteen 
aperture antennas 18 by repeating three times of T branch. 

Although the aperture antennas of the invention explained 
So far have had at least the circular dielectric waveguide 
antenna Section A and the antenna Section A has been 
connected with the feed line K in the structure in which all 
of the feed line K are formed of the rectangular dielectric 
waveguide in which the E-plane runs parallel with the 
lamination face of the dielectric layer in the TE10 mode, the 
connecting Structure is not limited only to that. 

For instance, the field component of the electromagnetic 
wave propagating through the feed line K may orient in the 
laminating direction of the dielectric layers. When the mode 
of the electromagnetic wave propagating through the dielec 
tric waveguide path is the TE10 mode and that the H-plane 
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is parallel with the lamination face of the dielectric layer for 
example, the field component must exist within the lamina 
tion face in the aperture antenna, So that no electricity can be 
fed as it is from the feed line K formed of the dielectric 
waveguide path to the circular dielectric waveguide antenna 
Section A in the connecting structure shown in FIG. 1. 

In Such a case, the orientation of the electric field may be 
bent into the lamination face and electricity can be fed to the 
antenna Section A by inclining the conductor wall 71 com 
posed of the through hole conductors 5' and the Sub 
conductor layerS 6' at the portion of the circular dielectric 
waveguide antenna Section A connected with the feed line K 
stepwise as shown in FIG. 10 to bend the H-plane of the 
dielectric waveguide. Beside that, the electricity can be fed 
to the antenna Section Aby disposing the feed line K formed 
of the dielectric waveguide under the circular dielectric 
waveguide antenna Section A and by creating a slot 19 
through part of the feeding main conductor layer 8 of the 
dielectric waveguide to electromagnetically couple them via 
the slot 19. 

Polarization characteristic is also important as a quality of 
the electromagnetic wave radiated from the antenna. 

Although the Structures for mainly radiating Straightly 
polarized wave have been shown in the embodiments 
described above, it is also possible to generate circularly 
polarized wave readily by changing the disposition of the 
feed line K. 

For instance, as shown in FIG. 12, circularly polarized 
wave may be generated by feeding electricity by connecting 
two feed lines K1 and K2 to the aperture antenna 17 shown 
in FIG. 4 from two directions crossing at right angles each 
other and by shifting phases of the electromagnetic wave fed 
from the respective feed lines by 90°. The phase shift of 90° 
may be realized by Setting a difference of lengths of the feed 
lines K1 and K2 from their T branch point to the antenna 17 
at a quarter of the wavelength within the waveguide. 

FIG. 13 is a diagram showing an embodiment in which 
the aperture of the aperture antenna is rectangular (Square). 

Circularly polarized wave may be generated by adjusting 
lengths of two sides of the rectangle in the same manner with 
the principle of causing a patch antenna to generate circu 
larly polarized wave by one-point feeding. For example, the 
phase difference of 90 may be produced and the circularly 
polarized wave may be generated by Setting the length g of 
one side of the rectangle to be slightly longer than a half of 
wavelength) corresponding to an operating frequency f. So 
that the phase of current at the time off becomes -45 and 
by setting the length h of the other side to be slightly shorter 
than 2/2. So that the phase of current at the time off, becomes 
+45. When the aperture is elliptic, circularly polarized 
wave may be generated by adjusting the major and minor 
diameters thereof. 
When electricity is fed via the slot 19 like the embodiment 

shown in FIG. 11, circularly polarized wave may be gener 
ated by creating two or more slots which croSS at right angles 
each other through the feeding main conductor layer 8. 

Next, the multi-layered wiring board of the invention 
comprising the above-mentioned laminated aperture antenna 
will be explained. FIG. 14 is a section view for explaining 
one embodiment thereof. In the present embodiment, the 
aperture antenna shown in FIG. 4 is built in a multi-layered 
wiring board 20. In the multi-layered wiring board 20, an 
antenna comprising an antenna Section 21 and a feed line 22 
for feeding electricity to the antenna Section 21 through the 
connecting structure shown in FIG. 11 is formed. Beside 
them, a high-frequency circuit 23 formed of a coplanar line 
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is formed on the Side opposite from the Surface where the 
aperture 4 of the dielectric substrate 2 is formed. Beside the 
coplanar circuit, a microStrip line, a coplanar line attached 
with a ground or a dielectric waveguide line may be adopted 
as the high-frequency circuit 23. 
A signal input Section (not shown) is provided on the feed 

line 22 of the antenna as shown in FIGS. 7 through 11 and 
a signal may be transmitted from the high-frequency circuit 
to the antenna by connecting the Signal input Section with the 
high-frequency circuit 23. The high-frequency circuit and 
the signal input section of the feed line 22 formed of the 
dielectric waveguide are connected by a feed pin formed of 
a Via-hole conductor or a slot formed through part of the 
main conductor layer of the dielectric waveguide. 

Further, a cavity 25 for Storing a high-frequency Semi 
conductor element 24 is provided together with the high 
frequency circuit 23 in the multi-layered wiring board of the 
invention as shown in FIG. 15. The semiconductor element 
24 stored within the cavity 25 may be mounted so as to be 
connected with the high-frequency circuit 23 and may be 
hermetically sealed by a lid 26 made of metal for example. 
It then allows to provide a package for high-frequency in 
which the Semiconductor element, the high-frequency cir 
cuit and the antenna are integrated. 

The hermetic seal of the cavity will not be impaired by 
constructing the feed line 22 by the dielectric waveguide in 
which dielectric is filled as described above. Further, 
because the antenna Section 21 and the feed line 22 may be 
fabricated by the technology for laminating the dielectric 
layerS as described above, it is easy to fabricate the high 
frequency circuit, the cavity and others on the back in the 
Same time. 

Next, embodiments concerning to a laminated aperture 
antenna in which a conductor wall composing the antenna 
comprises a plurality Via-hole conductors disposed at pre 
determined intervals and a plurality of Sub-conductor layers 
disposed between dielectric layers of a dielectric Substrate So 
as to electrically connect between the plurality of Via-hole 
conductors within the dielectric Substrate formed by lami 
nating the dielectric layers and in which a quarter wave 
length resonant Space of one-side shorted and one-side 
opened is formed as a Spatial resonator by a Space of the 
dielectric Surrounded by a lower conductor layer electrically 
connected to those described above and an aperture of an 
upper conductor layer corresponding to the antenna conduc 
tor wall and to a multi-layered wiring board comprising the 
laminated aperture antenna will be explained. 

FIG. 16 is a partially perspective diagonal view showing 
a Seventh embodiment of the laminated aperture antenna of 
the invention. The laminated aperture antenna of the Seventh 
embodiment comprises, as a base material, a dielectric 
substrate 102 formed by laminating a plurality of dielectric 
layerS 101 having a predetermined thickness. An upper main 
conductor layer 103 is then adhered and formed on the 
Surface of the dielectric Substrate 102 and a lower main 
conductor layer 107 is adhered and formed on the back side. 
It is noted that FIG. 16 shows a state in which the dielectric 
layers 101 are seen through in part of the dielectric substrate 
102. 

Arectangular aperture 104 whose Size is mxn for example 
and which turns out to be a radiating Section of the antenna 
is formed through the main conductor layer 103. A plurality 
of through conductors 105 Such as via-hole conductors and 
through-hole conductors are formed through the dielectric 
substrate 102 at predetermined intervals in the laminating 
direction of the dielectric layers 101 around the aperture 104 
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of the main conductor layer 103. The plurality of groups of 
through conductors 105 are formed through a plurality of 
Stripped Sub-conductor layerS 106 whose aperture size is 
mxn and which are formed between the dielectric layers 101 
and the sub-conductor layers 106 and the plurality of groups 
of via-hole conductors 105 are electrically connected, thus 
forming the antenna conductor wall having length k in the Z 
direction and which is parallel to the Z-X plane and the y-Z 
plane as shown in the figure. 
The lower main conductor layer 107 which is electrically 

connected to the antenna conductor wall is formed So as to 
cover at least an area larger than the aperture 104 whose size 
is mxn under the dielectric Substrate 102, e.g. on the back of 
the dielectric substrate 102 or at the position facing to the 
aperture 104 between the dielectric layers 101. As a result, 
the spatial resonator formed of a space 108 whose size is 
mXnxk and which is Surrounded by the upper main conduc 
tor layer 103 having the aperture 104, the antenna conductor 
wall composed of the plurality of groups of through con 
ductors 105 and the plurality of groups of sub-conductor 
layers 106 and the lower main conductor layer 107 is 
formed, thus forming a dielectric waveguide antenna as the 
laminated aperture antenna. 

It is noted that because it is necessary to form the 
conductor wall So that no electromagnetic wave leaks, the 
sub-conductor layers 106 and the through conductors 105 
must be arrayed at intervals of at least below a half of the 
Signal wavelength or desirably of a quarter or less of the 
Signal wavelength. 

Because this antenna applies the principle of a quarter 
wavelength resonator whose one-side is shorted and the 
other one-side is opened, the characteristic of electromag 
netic wave radiated from the aperture differs depending on 
the resonating mode. Accordingly, while various applica 
tions are conceivable depending on its purposes (for 
example, electromagnetic wave is not radiated in the antenna 
front direction and is radiated in a certain angle t0 direction 
when a rectangular parallelopiped TE mode is used), a 
rectangular parallelopiped TEo mode is desirable in gen 
eral. Frequency of the electromagnetic wave radiated from 
the antenna at this time may be calculated approximately by 
the following equation (1): 

where, e is relative dielectric constant and a unit of m and 
k is mm. 

Here, while the width n of the aperture 104 may be less 
than the length m, it must be careful not to be too small 
because energy loSS caused by the conductor becomes large. 

While the case when the spatial resonator is the rectan 
gular parallelopiped has been shown in the above-mentioned 
embodiment, the same applies also when the resonant Space 
is columnar having a radius of r. However, the mode is 
desirable to be columnar TE mode in this case. Frequency 
of electromagnetic wave radiated from the antenna at this 
time may be calculated approximately by the following 
equation (2): 

where, is the first root of derivative of primary Bessel 
function and a unit of r and k is mm. 

(1) 

(2) 
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A Structure for feeding electricity to the antenna Section is 
required in order to use Such laminated aperture antenna in 
reality. 

FIG. 17 is a partially perspective diagonal view showing 
an eighth embodiment of the laminated aperture antenna of 
the invention. In FIG. 17, the same reference numerals refer 
to the same parts in FIG. 16. In the present embodiment, a 
feeding slot 109 is created at a region facing to the space 108 
of the same parts in FIG. 16. Electricity may be fed by a 
waveguide, a laminated waveguide, microStrip line or the 
like through the intermediary of electromagnetic coupling 
caused by the slot 109. 

The slot 109 formed through the lower main conductor 
layer 107 allows electricity to be fed by various types of 
high-frequency lines as described above and an output to be 
regulated by changing the size thereof. 

FIG. 18 is a partially perspective diagonal view showing 
a ninth embodiment of the laminated aperture antenna of the 
invention. In FIG. 18, the same reference also refer to the 
same parts in FIGS. 16 and 17. 

According to the ninth embodiment, a hole is perforated 
through part of the antenna conductor wall composed of the 
plurality of through conductors 105 and the plurality of 
sub-conductor layers 106 to insert a feed line 110 to feed 
electricity to the Spatial resonator. It is conceivable to use a 
microstrip line or a coplanar line as the feed line 110 at the 
outside area of the Spatial resonator. 

It becomes unnecessary to provide a feed circuit layer 
Separately and a thin antenna may be realized as a whole by 
connecting the feed line 110 formed of the microstrip line or 
the coplanar line to the Side face of the Spatial resonator as 
described above. 

FIG. 19 is a plan view showing an array antenna in which 
the laminated aperture antennas of the Seventh through ninth 
embodiments are arrayed on the dielectric Substrate. In the 
array antenna shown in FIG. 19, a signal input from a signal 
input Section 112 passes through the feed circuit K, repeats 
three times of T branch and is radiated by reaching to each 
of Sixteen aperture antennas 111 disposed in array. Here, 
when the laminated waveguide is used as the feed circuit K, 
the feeding structure like the slot 109 as shown in FIG. 17 
becomes necessary for example in each aperture antenna 
111. When the coplanar line or the microstrip line is used as 
the feeding circuit K, electricity may be fed directly from the 
Side face of each aperture antenna 111 by the Structure as 
shown in FIG. 18. 

Polarization characteristic is also important as a quality of 
the electromagnetic wave radiated from the laminated aper 
ture antenna 111. Although the Structures for mainly radiat 
ing Straightly polarized wave have been shown in the 
Seventh through ninth embodiments, it is also possible to 
generate circularly polarized wave readily by changing the 
disposition of the feed line K. 

For instance, as shown in a plan view in FIG. 20, 
circularly polarized wave may be generated by feeding 
electricity to the laminated aperture antenna of the Seventh 
through ninth embodiments shown by the aperture 104 and 
the through conductors 105 (although the figure shows the 
case when the Spatial resonator is columnar, it may be 
rectangular parallelopiped) by connecting the feed circuit K 
to two Tramified feed lines K1 and K2 to the aperture 
antenna from two directions crossing at right angles each 
other and by shifting phases of the electromagnetic wave fed 
from the respective feed lines Ki and K2 by 90°. The phase 
shift of 90 may be realized by setting a difference of the 
length of the feed lines K1 and K2 from their T branch point 
to the antenna at a quarter of the propagation wavelength. 
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Circularly polarized wave may be generated also by a 

feed circuit K composed of one feed line as shown in a plan 
view in FIG. 21. Although FIG. 21 shows a case when the 
aperture 104 is a rectangular having an aperture size of mixn, 
the same applies also when the aperture 104 is elliptic 
having mxn of minor and major diameters. Thus, the circu 
larly polarized wave may be generated by adjusting the 
length of two sides of the rectangular aperture 104 in the 
Same manner with the principle of causing the patch antenna 
to generate circularly polarized wave by one-point feeding. 
For example, the phase difference of 90 may be produced 
and the circularly polarized wave may be generated by 
Setting the length m of one side of the rectangle to be slightly 
longer than a half of wavelength a corresponding to an 
operating frequency f. So that the phase of current at the time 
off becomes -45 and by setting the length n of the other 
side to be slightly shorter than 2/2 so that the phase of 
current at the time of f becomes +45. When the aperture 
104 is elliptic, circularly polarized wave may be generated 
in the same manner by adjusting the lengths m and n of the 
major and minor diameters thereof respectively. 
As shown in a plan view in FIG.22, when electricity is fed 

via the slot 109 shown in FIG. 17, circularly polarized wave 
may be generated by creating two or more slots 109 which 
croSS at right angles each other through the lower main 
conductor layer 107. 

Next, the multi-layered wiring board of the invention 
comprising the laminated aperture antenna of the Seventh 
through ninth embodiments will be explained. FIG. 23 is a 
Section view for explaining an embodiment thereof. In the 
present embodiment, the laminated aperture antenna in the 
eighth embodiment having the structure shown in FIG. 17 is 
built in a multi-layered wiring board 120. In FIG. 23, the 
Same reference numerals refer also to the Same parts in 
FIGS. 16 through 22. 

In the multi-layered wiring board 120, the laminated 
aperture antenna of the invention comprising an antenna 
section having the space (spatial resonator) 108 formed by 
the upper main conductor layer 103 having the aperture 104, 
the plurality of through conductors 105, the plurality of 
sub-conductor layers 106 and the lower main conductor 
layer 107 in the dielectric substrate 102 formed by laminat 
ing the plurality of dielectric layers 101 and a feed line K for 
feeding to the antenna Section with the connecting structure 
by means 36 of the slot 109 shown in FIG. 17 is formed. 
Beside them, a high-frequency circuit 121 composed of a 
high-frequency Semiconductor element 122 mounted on a 
Semiconductor element mounting Section and a microStrip 
line is formed on the Side opposite from the upper Surface 
where the aperture 104 of the dielectric substrate 102 is 
formed. Beside the microStrip line, the high-frequency cir 
cuit 121 may be composed of a coplanar line, a coplanar line 
attached with a ground or a dielectric waveguide line. 
A Signal input Section 123 is provided on the high 

frequency circuit 121 and a Signal may be transmitted from 
the high-frequency circuit 121 to the antenna Section by 
connecting the Signal input Section 123 directly with the 
high-frequency circuit 121 or via the high-frequency Semi 
conductor element 122 having a function as an amplifier and 
others as shown in the figure. 

Further, a cavity for Storing the high-frequency Semicon 
ductor element 122 is provided together with the high 
frequency circuit 121 as the Semiconductor element mount 
ing section in the multi-layered wiring board 120 of the 
invention. The high-frequency Semiconductor element 122 
may be hermetically sealed by a lid (not shown) made of 
metal for example. It may be hermetically Sealed also by 
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attaching a cap-like lid having a Void inside to the flat 
Semiconductor element mounting Section. It then allows to 
provide a package for high-frequency in which the Semi 
conductor element, the high-frequency circuit and the lami 
nated aperture antenna are integrated. 

In View of transmission loSS and of required precision in 
the fabrication, it is preferable to construct the dielectric 
Substrate in the antenna Section and the feed line forming 
Section by a dielectric material having lowest possible 
dielectric constant in the first through ninth embodiments. 
However, in case when the high-frequency circuits 23 and 
121 comprise the microStrip line or the coplanar line, the 
relative dielectric constant is desirable to be around 10 to 15 
considering the Size of the high-frequency circuits 23 and 
121 and a gap between the ground. The dielectric layers in 
each embodiment described above may be any dielectric 
material as long as it can be sheeted to an appropriate 
thickness, can be metallized, allows the through conductors 
Such as Via-hole conductors to be formed and can be closely 
laminated. It may be ceramics, glass ceramics, resin or a 
mixture of resin and ceramic powder for example. Further, 
dielectric tangent of the dielectric material is desirable to be 
small, i.e. to be less than 0.001 with the frequency used, in 
order to minimize the transmission loSS of the high 
frequency Signal. Further, the metallized metal which is 
adhered and formed on the dielectric layer and which turns 
out to be the upper main conductor layer, the Sub-conductor 
layers, the lower main conductor layer and the like is desired 
to be a low-resistant conductor. In concrete, it is preferable 
to have at least any one of gold, Silver and copper as its main 
component. 

Next, results obtained by analyzing the characteristics of 
the laminated aperture antenna of the invention will be 
explained based on FIGS. 24 and 25. 
AS the laminated aperture antenna, one explained in the 

eighth embodiment shown in FIG. 17 was fabricated. It is 
the one in which the laminated waveguide is used as the feed 
line and electricity is fed through the slot provided through 
the lower main conductor layer. The shape of the antenna, 
i.e. the Space (spatial resonator), was rectangular paral 
lelopiped having m=3.4 mm, n=1.3 mm and k=0.5 mm and 
the center frequency was 77 GHz. Low temperature sintered 
glass ceramics whose relative dielectric constant e=5 and 
dielectric loss tanó=0.0008 was used as the dielectric mate 
rial of the dielectric layerS and copper was used for the 
metallization. The shape of the slot was 0.8 mm in lengthx 
0.1 mm in width. 

FIG. 24 is a chart showing a simulation result of radiation 
patterns of the laminated aperture antenna of the invention. 
In FIG. 24, the radial direction represents the intensity of 
radiated energy and the circumferential direction represents 
an angle (0 is the front direction of the antenna). The 
reference character (A) denotes the radiation pattern on the 
H-plane, (C) that on the E- plane and (B) that on the plane 
between the H- and E-planes. It is apparent from the result 
that a directional gain is 8 dBi. It can be said that the 
laminated aperture antenna of the invention has a higher 
gain more or less as compared to that of a patch antenna 
using dielectric whose relative dielectric constant is 5 is 
around 6 dBi. 

FIG. 25 is a chart showing a simulation result of a 
frequency characteristic of reflection of the laminated aper 
ture antenna of the invention. The horizontal axis represents 
a frequency (GHz), the vertical axis represents an amount of 
reflection (dB) with respect to a high-frequency signal fed to 
the antenna and a dotted line represents the frequency 
characteristic curve of the reflection. It can be seen from 
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FIG. 25 that when a frequency band of the antenna is a 
domain where VSWR (voltage standing wave ratio) is 2 or 
less, it is 5.7GHZ (7.3% with respect to the center frequency 
of 77 GHz) in this case and it is wide slightly as compared 
to the case of the patch antenna. 

FIG. 26 is a chart showing a frequency characteristic of 
reflection of a laminated aperture antenna made in trial. The 
horizontal axis represents a frequency (GHz), the vertical 
axis represents reflection (dB) and a curve D represents the 
frequency characteristic of the reflection of the laminated 
aperture antenna. It is noted that a curve E shows the 
characteristic when the aperture of the antenna is covered by 
a metal for the purpose of reference. It can be seen from FIG. 
26 that the laminated aperture antenna of the invention 
radiates electromagnetic wave favorably from the aperture 
from the fact that the reflection is large in the curve Earound 
77 GHz which is the center frequency as compared to the 
curve D. 
When the same evaluation was conducted on the lami 

nated aperture antennas of the invention in which the shape 
of the Spatial resonator is columnar or in which the feed line 
is connected to the Side face of the Spatial resonator, it was 
confirmed that all of them have the favorable antenna 
characteristics. 
The invention may be embodied in other specific forms 

without departing from the Spirit or essential characteristics 
thereof. The present embodiments are therefore to be con 
sidered in all respects as illustrative and not restrictive, the 
Scope of the invention being indicated by the appended 
claims rather than by the foregoing description and all 
changes which come within the meaning and the range of 
equivalency of the claims are therefore intended to be 
embraced therein. 
What is claimed is: 
1. An antenna comprising: 
a plurality of dielectric layerSlaminated to form a dielec 

tric Substrate, 
a main conductor layer formed on a Surface of the 

dielectric Substrate, the main conductor layer defining 
an aperture, 

a plurality of through conductors formed in a laminating 
direction in at least Some of the dielectric layers, 

a plurality of Sub-conductor layerS formed between at 
least Some of the adjacent dielectric layers to electri 
cally connect the plurality of through conductors, the 
plurality of through conductors and Sub-conductors 
forming an antenna conductor wall connected to the 
main conductor layer; and 

a feed line formed in the dielectric Substrate and con 
nected to the antenna conductor wall. 

2. The antenna of claim 1, wherein at least part of the 
antenna conductor wall is formed So as to gradually expand 
laterally as it becomes closer to the Surface of the Substrate. 

3. The antenna of claim 1, wherein a concave portion is 
formed in the Substrate enclosed by the aperture. 

4. The antenna of claim 3, wherein the concave portion is 
formed So as to gradually expand laterally as it becomes 
closer to the Surface of the Substrate. 

5. The antenna of claim 1, wherein the through conductors 
in the dielectric layers are aligned with each other in the 
laminating direction. 

6. The antenna of claim 1, wherein the through conductors 
in each dielectric layer are evenly Spaced. 

7. The antenna of claim 6, wherein the distance between 
adjacent through conductors in each dielectric layer is equal 
to or less than a half of the wavelength of a Signal trans 
mitted by the antenna. 
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8. The antenna of claim 1, wherein the feed line com 
prises: 

two overlapping feeding main conductor layers each 
formed between two adjacent laminated dielectric lay 
erS, 

a plurality of feeding through conductors formed in the 
laminating direction in each dielectric layer between 
the two feeding main conductor layers, the feeding 
through conductors forming two rows defining a feed 
ing direction; and 

one or more feeding Sub-conductor layers formed 
between adjacent dielectric layers between the two 
feeding main conductor layers to electrically connect 
the plurality of feeding through conductors, the feeding 
through conductors and the feeding Sub-conductors 
forming a feeding conductor wall electrically con 
nected to the two feeding main conductor layers to 
form the feed line. 

9. The antenna of claim 8, wherein the feeding through 
conductors in each row are evenly spaced at a distance equal 
to or less than a half of the wavelength of a Signal trans 
mitted by the antenna. 

10. The antenna of claim 1, comprising two feed lines 
connected to the antenna conductor wall, the two feed lines 
being at a right angle with respect to each other and feeding 
electromagnetic waves to the antenna at a phase difference 
of 90°. 

11. The antenna of claim 1, wherein at lease Some 
dielectric layerS adjacent the Surface of the Substrate define 
a hollow portion of the Substrate bound by the aperture of the 
main conductor layer, and wherein the main conductor layer 
extends to an inside Surface of the hollow portion to form a 
conductor wall. 

12. An antenna array comprising a plurality of antennas of 
claim 1 formed in the same dielectric Substrate. 

13. The antenna array of claim 12, wherein the feed lines 
of the antennas are connected to each other. 

14. A wiring board comprising: 
an antenna of claim 1; and 
a high-frequency circuit connected to the feed line. 
15. The wiring board of claim 14, wherein the dielectric 

Substrate defines a hermetically Sealed cavity and the high 
frequency circuit is disposed within the cavity. 

16. An antenna comprising: 
a plurality of dielectric layerS laminated to form a dielec 

tric Substrate, 
an upper main conductor layer formed on an upper 

Surface of the dielectric Substrate, the main conductor 
layer defining an aperture; 

a lower main conductor layer formed below a dielectric 
layer and overlapping the aperture of the upper main 
conductor layer; 
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a plurality of through conductors formed in the laminating 

direction around the aperture in the dielectric layers 
between the upper and lower main conductor layers, 
and 

a plurality of Sub-conductor layer formed between adja 
cent dielectric layers between the upper and lower main 
conductors to electrically connect the plurality of 
through conductors, the plurality of through conductors 
and Sub-conductors forming a conductor wall con 
nected to the upper and lower main conductor layers, a 
Space defined by the upper and lower main conductors 
and the conductor wall forming a Spatial resonator. 

17. The laminated aperture antenna of claim 16, wherein 
the aperture is rectangular and the Space is rectangular 
parallelopiped. 

18. The laminated aperture antenna of claim 16, wherein 
the aperture is circular and the Space is columnar. 

19. The laminated aperture antenna of claim 16, wherein 
a feeding slot is formed at a region of the lower main 
conductor layer facing to the Space. 

20. The antenna of claim 16, further comprising a feed 
line formed of a microStrip line or a coplanar line connected 
to a Side face of the Spatial resonator. 

21. The antenna of claim 20, A wherein the aperture is a 
rectangle or ellipse in shape and the feed line is formed at a 
direction of 45 with respect to a side of the rectangle or to 
an axis of the ellipse. 

22. The antenna of claim 16, wherein the lower main 
conductor layer defines two feeding slots located in an area 
overlapping the aperture, the two feeding slots being at a 
right angle with respect to each other and feeding electro 
magnetic waves to the antenna at a phase difference of 90. 

23. The antenna of claim 16, further comprising two feed 
lines each formed of a microStrip line or a coplanar line, the 
feed lines connected to a Side face of the Spatial resonator 
and disposed at a right angle with respect to each other, the 
feed lines feeding electromagnetic waves to the antenna at a 
phase difference of 90. 

24. An antenna array comprising a plurality of antennas of 
claim 16 formed in the same dielectric Substrate. 

25. A wiring board comprising: 
an antenna of claim 16; 
a feed line for feeding electromagnetic Signal to the 

antenna; and 
a high-frequency-circuit connected to the feed line. 
26. The wiring board of claim 25, further comprising a 

mounting Section formed on the dielectric Substrate for 
mounting a Semiconductor element. 


